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Objective: The study aimed to analyze the risk factors and long-term outcomes associated with coronary artery
aneurysms (CAAs) after successful percutaneous coronary intervention (PCI) and drug-eluting stent (DES)
implantation in patients with CTOs.
Background: There are sporadic data available on post-procedure CAAs after transcatheter revascularization for
CTOs.
Methods and results: A total of 141 patients with 149 CTOs who underwent successful CTO-PCI and DES implan-
tation with angiographic follow-up from 2004 to 2010 were included. Patients were divided into CAA group and
non-CAA group according to the presence of CAAs in the follow-up angiography. The independent predictors and
major adverse cardiac events (MACEs) including cardiac death, myocardial infarction (MI) and target-vessel
revascularization (TVR) were compared between two groups. The incidence of CAAs was 11.4% (17/149) after

index procedure. Multivariate analysis showed that age (OR: 0.925, CI 0.873–0.980, P = 0.008), ostial occlusion
(OR: 6.715, CI 1.473–30.610, P= 0.014), the parallelwire technique (OR: 6.167, CI 1.709–22.259, P= 0.005) and
DES length (OR: 1.030, CI 1.002–1.058, P= 0.036)were the independent predictors of CAAs after successful CTO-
PCI and DES implantation. MACEs were similar between two groups (adjusted hazard ratio 0.670; 95% CI 0.160–
2.808; P = 0.584) during the 5-year follow-up.
Conclusions: The independent predictors of CAAs after successful CTO-PCI andDES implantation are age, ostial oc-
clusion, the parallel wire technique and DES length. CAAs after index procedure are not frequently associated
with adverse clinical events under dual antiplatelet therapy. Further large clinical studies are warranted to ex-
plore the clinical implications of patients with this distinct new entity.

© 2014 Published by Elsevier Ireland Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
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is an open access article under the C
1. Introduction

Approximate one third of the patients with significant coronary
artery disease on angiography have at least one chronic total occlusion
(CTO) [1,2]. Over the last decade, remarkable progress has been
achieved in the percutaneous management of coronary artery disease.
However, recanalization for CTOs of native coronary arteries is still
regarded as the “last frontier” of percutaneous coronary intervention
(PCI) due to its high rates of procedural complications and failure [3].
C BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
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In the 1990s, the procedural success rates of CTO-PCI were only 48%–
76% [4–6]. With improved operator experience, dedicated devices and
procedural techniques, the success rates have steadily increased in the
past few years. In some experienced center, the procedural success
rate can reach roughly 90% [7]. In spite of these improvements, many
problems such as acute complications, restenosis and coronary artery
aneurysms (CAAs) continue to present a challenge.

CAA is an abnormal dilatation (≥1.5-fold) of part of the coronary
artery and often found coincidentally on coronary angiography. There
are limited published data focused on CAA formation following PCI
supported by drug eluting stent (DES) which is postulated to be associ-
ated with hypersensitivity reactions toward the stent [8,9]. As we all
know, CTO-PCI has a higher probability of using longer stents and
exposing the subintimal structure to the stent, or even stenting
subintimally. However, not any retrospective or prospective study
was designed to focus on the status and outcomes of CAAs after successful
CTO-PCI and DES implantation. Therefore, we designed the current study
to investigate the independent predictors and clinical outcomes for CAAs
which developed after successful CTO-PCI and DES implantation.

2. Methods

2.1. Study population

We reviewed the catheterization database and medical records
at the Shanghai Institute of Cardiovascular Diseases, Zhongshan
Hospital of FudanUniversity and identified 697 patientswith successful
recanalization of CTOs in the native coronary arteries who presented
from 2004 to 2010. All patients in the current study received follow-
up angiography in the same catheterization center and were divided
into CAA group and non-CAA group according to the detection of
CAAs. Patients with CTOs were excluded when any of the following
was encountered: (1) Procedural failure to open the CTOs; (2) PCI
without DES implantation; (3) Previous attempted percutaneous
transluminal coronary angioplasty (PTCA) to the target CTO; (4) In-
stent restenotic occlusions (Mehran IV pattern restenosis); (5) CAAs
observed in any vessel before PCI; (6) Lack of angiographic follow-up
in our center; (7) Re-PCI to the target CTO vessel before detection of a
CAA in the CAA group; and (8) Duration of angiographic follow-up
b6 months in the non-CAA group. A retrospective chart review was
performed to collect the clinical variables, history and catheterization
information.

The angiographic follow-up duration of the CAA group was defined
as the duration from the 1st successful CTO-PCI to the 1st diagnosis of
CAA. The angiographic follow-up duration of the non-CAA group was
defined as the duration from the 1st successful CTO-PCI to the final
recorded angiography unless re-PCI for the target vessel. The long-
term clinical follow-up duration of patients in both groups was defined
as the time from the 1st successful CTO-PCI to July 31, 2013.

All the CTO-PCI procedures were performed by 10 different opera-
tors from our center. All of the operators achieved more than 200 PCI
per year. The regulatory board of the Zhongshan Hospital affiliated to
Fudan University approved this study. All the patients gave written in-
formed consent before all the procedure.

2.2. Procedures and medications

All the percutaneous revascularizations of CTOs were performed
according to the current standard guidelines. All patients were
prescribed medicine prior to interventions, with administration of
300mgaspirin and300mgclopidogrel as pretreatment. After operation,
all patients were advised tomaintain their life-long aspirin therapy, and
at least a 12-month clopidogrel prescription.

Intravascular ultrasound (IVUS) was performed using iLAB (Boston
Scientific, USA). After the intracoronary administration of nitroglycerin
(0.2 mg), the ultrasound catheter (2.5 F Atlantis SR, 40-MHz, Boston
Scientific Corporation, USA) was advanced distally to the left anterior
descending artery, the left circumflex or the right coronary artery
along the 0.014″ guidewire and was pulled back to the aortocoronary
ostium using motorized transducer pullback at the speed of 0.5 mm/s.
Continuous ultrasound images were obtained and recorded on CDs.
The IVUS data were analyzed by two specially experienced cardiologists
and one experienced technician.

2.3. Angiographic definitions

CTO is defined as thrombolysis inmyocardial infarction (TIMI) grade
0 flow and the duration of coronary occlusion ≥3 months [3]. In the
absence of serial angiograms, the duration of coronary occlusion is
instead estimated from available clinical information related to the
event that caused the occlusion (eg, acuteMI or sudden change in angina
pattern with ECG changes consistent with the location of the occlusion)
[3]. Angiographic successwas defined as a restoration of TIMI flowgrade
3 in the target vessel after DES implantation and a residual stenosis b10%
by visual estimation.

CAA is typically defined as a dilatation in the diameter of a coronary
artery segment to more than 1.5-fold the normal size by visual estima-
tion [10], and this CAA was closely related to the underlying DES or its
edges, and the localized dilation was absent immediately after the
procedure.

The angiographic indices examined were the location of the CTO,
CAA, diffuse disease proximal to the occlusion (at least one stenosis
of N50% proximal to the occlusion) [11], side branch at the occlusion,
vessel tortuosity (the presence of at least one bend of N45° proximal
to the occlusion) [11], calcium at the site of the occlusion (radio-opacity
present before contrast injection), ostial occlusion (occlusion within
3 mm of the ostium), stump morphology (a blunt or tail-like stump)
and grades of bridging collaterals (0 = none; 1 = filling of side
branches of the artery to be dilated via collateral channels without
visualization of the epicardial segment; 2 = partial filling of the
epicardial segment via collateral channels; and 3 = complete filling
of the epicardial segment of the artery being dilated via collateral
channels) [12]. Angiographic restenosis was defined as a ≥50%
diameter stenosis within the target lesion.

All the films were reviewed by two qualified interventional doctors.
If there was any ambiguity in the reports or films, the films were
reviewed independently by three well-qualified interventional doctors.

2.4. Study endpoints

The major adverse cardiac events (MACEs), including cardiac death,
myocardial infarction (MI), and target-vessel revascularization (TVR),
were recorded. MI was defined as elevation of the cardiac troponin
with at least one value above the 99th percentile of the upper reference
limit and with at least one of the following: (1) symptoms of ischemia,
(2) new or presumably new significant ST–T changes or new LBBB,
(3) development of pathological Q waves in the ECG, (4) imaging
evidence of new loss of viable myocardium, or new regional wall
motion abnormality, and (5) identification of an intracoronary thrombus
by angiography or autopsy [13]. TVR was defined as emergency or
elective coronary artery bypass graft or repeat PCI in the target vessel.

2.5. Statistical analysis

The data were expressed as the mean ± SD for the continuous
variables, and as frequencies for the categorical variables. The
comparison of continuous variables was performed by the independent
Student's t-test or the Mann–Whitney U test as appropriate. Statistical
analysis of the categorical variables was performed using the Pearson
chi-square or Fisher's exact test as appropriate.

Themultivariate logistic regressionmodel (the variables in Tables 1,
2 and 3 with P b 0.1 were entered into the analysis, except for the



Table 1
Baseline clinical characteristics.

Clinical characteristics All patients
(n = 141)

Patients with CAA
(n = 16)

Patients without CAA
(n = 125)

P value

Gender, male 119 (84.4) 15 (93.8) 104 (83.2) 0.467
Age, years 60.35 ± 11.28 51.44 ± 11.84 61.49 ± 10.73 0.001
Angina status
Asymptom 3 (2.1) 0 (0) 3 (2.4) 0.600
Stable 59 (41.8) 5 (31.3) 54 (43.2)
Unstable 79 (56.0) 11 (68.8) 68 (54.4)

Smoking 63 (44.7) 6 (37.5) 57 (45.6) 0.539
Hypertension 101 (71.6) 14 (87.5) 87 (69.6) 0.237
Diabetes 37 (26.2) 2 (12.5) 35 (28.0) 0.238
Prior MI 41 (29.1) 5 (31.3) 36 (28.8) 0.779

Data are presented as mean ± SD or n (%). CAA indicates coronary artery aneurysm; MI, myocardial infarction.
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angiographic follow-up duration because of its different design) was
used to identify the independent predictors of CAAs after successful
CTO-PCI and DES implantation. The Cox proportional-hazards model
was used to test whether CAA was an independent predictor of clinical
outcomes or not. P values were two-tailed, and P b 0.05 was considered
statistically significant. The datawere analyzedwith SPSS v.20.0 statistical
software (SPSS, version 20.0, Inc., Chicago, IL, USA).
3. Results

Between 2004 and 2010, among 697 patients with successful
recanalization of CTOs in the native coronary arteries, a total of
141 patients with 149 CTOs met the inclusion criteria (Fig. 1). In
the follow-up angiography, CAAs were observed in 17 (11.4%)
lesions of the left anterior descending artery (LAD), left circumflex
artery (LCX) and right coronary artery (RCA), respectively (Figs. 2,
3 & 4). Most of the CAAs (13, 76.5%) in the current study were first
detected b1 year after the 1st successful procedure. The shortest
duration to detect a CAA was 34 days (Fig. 2) which showed no
morphological change of the CAA after approximately 7 years
(Supplement Fig. 1).
Table 2
Angiographic characteristics.

Angiographic characteristics All lesions
(n = 149)

Angiographic follow-up duration, months 17.21 ± 14.67
IRA 41 (27.5)
No. of diseased vessels

1 20 (13.4)
2 50 (33.6)
3 79 (53.0)

Location of CTO
LAD 58 (38.9)
LCX 27 (18.1)
RCA 64 (43.0)

Diffuse disease proximal to occlusion 38 (25.5)
Side branch at occlusion 33 (22.1)
Vessel tortuosity 27 (18.1)
Calcification 25 (16.8)
Ostial occlusion 17 (11.4)
Stump

No stump 7 (4.7)
Blunt stump 54 (36.2)

Tail-like stump 88 (59.1)
Collateral circulation (grade)

0 6 (4.0)
1 10 (6.7)
2 42 (28.2)
3 91 (61.1)

Data are presented asmean ± SD or n (%). CAA indicates coronary artery aneurysm; IRA, infarc
circumflex artery; RCA, right coronary artery.
3.1. Baseline characteristics

The baseline clinical characteristics of the patients were represented
in Table 1. The mean age of our cohort was 60.4 ± 11.3 years, 84.4%
were men, 71.6% had hypertension, 26.2% had diabetes and 29.1% had
prior MI. A significant difference of the age (51.4 ± 11.8 versus
61.5 ± 10.7 years, P = 0.001) was shown between the CAA group
and non-CAA group. While, there were no significant differences in
the other baseline clinical characteristics between the two groups.
3.2. Angiographic and procedural characteristics

Table 2 summarized the angiographic characteristics of all the
lesions. The angiographic follow-up duration ranged from 1.1 to
48.5 months in the CAA group and 6.0 to 70.6 months in the non-CAA
group. The difference of angiographic follow-up duration between the
two groups was significant (P = 0.012) due to the different design.
53.0% occurred with triple-vessel disease, left circumflex arteries
(18.1%) were the infrequent CTO location and ostial occlusion
accounted for 11.4% (17/149) of the overall lesions. Most of CTO's
morphological characteristics which were acknowledged to be
CAA group
(n = 17)

Non-CAA group
(n = 132)

P value

11.04 ± 11.28 18.00 ± 14.90 0.012
5 (29.4) 36 (27.3) 1.000

1 (5.9) 19 (14.4) 0.590
5 (29.4) 45 (34.1)
11 (64.7) 68 (51.5)

5 (29.4) 53 (40.2) 0.152
1 (5.9) 26 (19.7)
11 (64.7) 53 (40.2)
3 (17.6) 35 (26.5) 0.562
4 (23.5) 29 (22.0) 1.000
4 (23.5) 23 (17.4) 0.513
1 (5.9) 24 (18.2) 0.308
5 (29.4) 12 (9.1) 0.028

1 (5.9) 6 (4.5) 0.745
5 (29.4) 49 (37.1)
11 (64.7) 77 (58.3)

0 (0) 6 (4.5) 0.958
1 (5.9) 9 (6.8)
4 (23.5) 38 (28.8)
12 (70.6) 79 (59.8)

t-related artery; CTO, chronic total occlusion; LAD, left anterior descending artery; LCX, left



Table 3
Procedural characteristics.

Procedural characteristics All lesions
(n = 149)

CAA group
(n = 17)

Non-CAA group
(n = 132)

P value

Microcatheter 35 (23.5) 7 (41.2) 28 (21.2) 0.124
Number of guidewire 1.88 ± 0.85 2.12 ± 0.86 1.85 ± 0.85 0.222
Maximal stiffness of guidewire tip

b3 g 22 (14.8) 1 (5.9) 21 (15.9) 0.340
3–6 g 117 (78.5) 14 (82.4) 103 (78.0)
6–9 g 3 (2.0) 1 (5.9) 2 (1.5)
≥9 g 7 (4.7) 1 (5.9) 6 (4.5)

Guidewire technique
Parallel wire technique 29 (19.5) 9 (52.9) 20 (15.2) 0.001
Seesaw technique 5 (3.4) 1 (5.9) 4 (3.0) 0.459
Side branch technique 2 (1.3) 0 (0) 2 (1.5) 1.000
Retrograde wire technique 4 (2.7) 0 (0) 4 (3.0) 1.000

Predilation
Size of initial predilation balloon, mm 1.78 ± 0.45 1.66 ± 0.36 1.79 ± 0.46 0.416
Stepwise predilation (from small to large balloon) 90 (60.4) 13 (76.5) 77 (58.3) 0.150

IVUS 7 (4.7) 2 (11.8) 5 (3.8) 0.183
DES
Total length, mm 54.37 ± 23.52 69.18 ± 17.92 52.46 ± 23.53 0.005
Postdilation with non-compliant balloon 24 (16.1) 4 (23.5) 20 (15.2) 0.480

Drug of DES
Paclitaxel 22 (14.8) 1 (5.9) 21 (15.9)
Sirolimus 119 (79.9) 15 (88.2) 104 (78.8) 0.590
Zotarolimus 8 (5.4) 1 (5.9) 7 (5.3)

Polymer of DES
Durable polymer 129 (86.6) 14 (82.4) 115 (87.1) 0.598
Biodegradable polymer 17 (11.4) 3 (17.6) 14 (10.6)
Mixed usage 3 (2.0) 0 (0) 3 (2.3)

Data are presented as mean ± SD or n (%). CAA indicates coronary artery aneurysm; PCI, percutaneous coronary intervention; IVUS, intravascular ultrasound; DES, drug-eluting stent.
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associated with procedural success showed no significant difference
between the two groups. In particular, ostial occlusion (29.4% versus
9.1%, P = 0.028) was the only factor associated with CAAs after
successful CTO-PCI and DES implantation.

3.3. Procedural characteristics

The procedural characteristics including devices and techniques
were shown in Table 3. The average number of the used guidewire
was 1.9 ± 0.9 and stiffness of the guidewire tip focused from 3 to 6 g.
Fig. 1. The schema of patients enrolled. This figure depicts how patients with successfully opene
chronic total occlusion; DES, drug-eluting stent; PCI, percutaneous coronary intervention; CAA
The single-wire technique was the predominant strategy used in 114
cases (76.5%) followed by the parallel wire technique in 29 cases
(19.5%). The seesaw technique (5, 3.4%), side branch technique (2,
1.3%) and retrograde wire technique (4, 2.7%) were rarely used in the
lesions including in the current study. The average DES length was
54.4±23.5mm. Themost frequently used stentswere durable polymer
stents (129, 86.6%) and sirolimus eluting stents (SES) (119, 79.9%). The
assumed influencing factors including number of guidewire, stiffness of
guidewire tip, predilation, drug andpolymer ofDES showedno significant
differences between the two groups. However, the use of the parallelwire
d CTOs during the study period (2004–2010) were dispatched and selected. CTO indicates
, coronary artery aneurysm.



Fig. 2. Development of a CAA in left anterior descending artery after successful CTO-PCI and DES implantation. Panel A shows the initial lesion at August 24, 2006 and percutaneous
coronary intervention was performed. After stent implantation with paclitaxel-eluting stents 3.0 × 32 mm, 2.75 × 32 mm and 2.5 × 16 mm (B), a huge CAA was apparent on the
follow-up angiography at 34 days (C). CAA indicates coronary artery aneurysm; CTO, chronic total occlusion; PCI, percutaneous coronary intervention; DES, drug-eluting stent.
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technique (52.9% versus 15.2%, P = 0.001) and DES length (69.2 ± 17.9
versus 52.5 ± 23.5 mm, P = 0.005) were associated with more CAAs
after successful CTO-PCI and DES implantation.

3.4. Multiple logistic regression analysis

The multiple logistic regression analysis (Table 4) revealed that age
(OR: 0.925, CI 0.873–0.980, P = 0.008), ostial occlusion (OR: 6.715, CI
1.473–30.610, P = 0.014), the parallel wire technique (OR: 6.167, CI
1.709–22.259, P = 0.005) and DES length (OR: 1.030, CI 1.002–1.058,
P = 0.036) were the independent predictors of CAAs after successful
CTO-PCI and DES implantation.

3.5. Outcomes

During amean follow-up period of 3.9±1.6 yearswhich included at
least once angiographic follow-up in all patients, 127 patients (90.1%)
completed follow-up. The MACEs at 5-year follow-up of the CAA
group and non-CAA group were shown in Table 5. Aspirin was
prescribed after discharge for 93.8% (15/16) of patients with CAAs
and 96.8% (121/125) of patients without CAAs (P= 0.457). Clopidogrel
(at least 12-months) was definitely prescribed after discharge to all the
patients included in the current study. Themain reason for discontinuing
aspirin was gastrointestinal side-effect and bleeding. During the 5-year
follow-up, MACEs were observed in 3 patients (18.8%) in the CAA
group and 25 patients (20.0%) in the non-CAA group. There were no
cardiac deaths and MI in the CAA group. Four cardiac deaths (3.2%)
due to 3 acute MI and 1 severe heart failure were observed in the
non-CAA group. TVR was observed in 3 patients (18.8%) in the CAA
group and 22 patients (17.6%) in the non-CAA group. Overall, there
were no statistical differences of MACEs between the two groups
under the dual antiplatelet therapy (adjusted hazard ratio 0.670; 95%
CI 0.160–2.808; P = 0.584).
Fig. 3. Development of CAAs in the left circumflex artery after successful CTO-PCI and DES im
coronary intervention was performed (A). After stent implantation with sirolimus-eluting ste
the follow-up angiography atMarch 03, 2011 (C). CAA indicates coronary artery aneurysm; CTO
4. Discussion

CAAs were observed in 0.15–4.9% of the patients undergoing
coronary angiography [14]. Compared with other etiologies, the
formation of CAAs after PCI is relatively rare. The reported incidence
of CAAs is 0.3% to 6.0% for PTCA [15–18], and 0.2% to 10.5% for DES
implantation [8,19–23]. Compared with non-CTOs, our findings
showed a slightly high incidence (11.4%) of CAA detection after
successful CTO-PCI and DES implantation.

4.1. Duration of CAA detection after PCI

In previous studies, duration of CAA detection after PCI is quite vari-
able [24–27]. In one recent study by Kimwhich included 28–36 months
of angiographic follow-up [23], most of the CAAs after DES implantation
weredetected N1 year after the initial procedure. However, 76.5% (13/17)
of the CAAs in the current studywerefirstly detected b1 year after the 1st
successful PCI. And the shortest duration to detect a CAAwas only within
34 days. This difference of incidence and detection time resulted from
many factors such as particular institution, operator experience and
patient characteristics. But we believed that the most important factor
was the design of the multiple angiographic follow-up which would
increase the detection of late occurrence of CAA. Thus, the published
data came to the conclusion that the duration of CAA detection after PCI
was replete with uncertainty, largely because they were not formed by
a single factor, but the result of multiple ones.

4.2. Predictors of CAAs after successful CTO-PCI and DES implantation

Thedevelopment of CAAs after PCIwas reported to be a consequence
of non-procedural factors and procedural factors. Among the non-
procedural factors, age (OR: 0.925, CI 0.873–0.980, P= 0.008) and ostial
occlusion (OR: 6.715, CI 1.473–30.610, P= 0.014) were found to be the
plantation. This figure depicts the initial lesion at February 07, 2009 and percutaneous
nts 3.0 × 36 mm and 2.5 × 36 mm (B), two focal CAAs (white arrow) were apparent on
, chronic total occlusion; PCI, percutaneous coronary intervention; DES, drug-eluting stent.

image of Fig.�2
image of Fig.�3


Fig. 4.Development of a CAA in the right coronary artery after successful CTO-PCI andDES implantation. This figure depicts the initial lesion at August 26, 2008 and percutaneous coronary
interventionwas performed (A). After stent implantationwith sirolimus-eluting stents 3.5 × 33mm(B), a CAA (white arrow)was apparent on the follow-up angiography at July 23, 2009
(C). CAA indicates coronary artery aneurysm; CTO, chronic total occlusion; PCI, percutaneous coronary intervention; DES, drug-eluting stent.

Table 4
Multivariate logistic regression analysis for independent predictors of CAAs after CTO-PCI
and DES implantation.

OR 95%CI P value

Age 0.925 0.873–0.980 0.008
Ostial occlusion 6.715 1.473–30.610 0.014
Parallel wire technique 6.167 1.709–22.259 0.005
Length of DES 1.030 1.002–1.058 0.036

CAA indicates coronary artery aneurysm; CTO, chronic total occlusion; PCI, percutaneous
coronary intervention; DES, drug-eluting stent.
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independent predictors of CAAs after successful CTO-PCI and DES
implantation in the current study. The exactmechanismof susceptibility
related to age has not yet been clarified. However, the relevance of the
relationship between young age and coronary positive remodeling has
been reported in some previous studies [28,29]. Our findings shared
the similarmechanism; subsequently, larger clinical trials arewarranted
to confirm thisfinding. Ostial lesions have been recognized as a challenge
for CTO-PCI because of difficulties in the placement of a guiding catheter
and poor back-up support [30–33]. To some extent, these difficulties can
indirectly increase the risks for vessel injurywhichmay contribute to the
CAA formation. On the other hand, among all the procedural factors, the
parallel wire technique (OR: 6.167, CI 1.709–22.259, P= 0.005) and DES
length (OR: 1.030, CI 1.002–1.058, P = 0.036) were found to be the
independent risk factors of CAAs after successful CTO-PCI and DES
implantation in the current study. During our CTO-PCI, the single-wire
technique was the predominant strategy used in 114 cases (76.5%)
followed by the parallel wire technique in 29 cases (19.5%). Generally,
when the single wire technique had failed to run through the real
lumen, the parallel wire technique logically became the primary basic
technique for CTO-PCI. Nevertheless, in spite of its contribution to the
success of CTO-PCI, the parallel wire technique seemed to increase the
risks of CAA formation in the current study. The potential cause was
that the 1st wire had already entered the subintima and created a false
lumen before the parallel wire technique was performed. Hereby, even
though the 2nd wire increased the success rate of CTO-PCI, the parallel
wire technique could not remedy and improve the preexisting damage
to the artery wall. It was consistent with the compelling evidence
provided by our study. Furthermore, DES length was one of the risk
factors for CAAs after DES implantation reported generally [23].
Our study reached the same conclusion.

4.3. Mechanism of CAAs after successful CTO-PCI and DES implantation

A new classification had been suggested to identify the cause of
CAAs after PCI, including arterial injury, the chronic arterial response
to the DES and infection [9]. Among them, arterial injury related to
the procedure was postulated to be a more likely contributor to the
rapid development of an aneurysm after PCI than the chronic arterial
response secondary to a hyper-sensitivity reaction to the stent
polymers and drugs [8,9]. During the procedure, balloon over inflation
or other iatrogenic injury had already been reported to be the indepen-
dent risk factor for CAAs after DES implantation in previous observational
studies [15–17]. In view of the evidence provided by IVUS, the parallel
wire technique was obviously associated with arterial wall injury. The
mechanism lied in that the subintimal passage of the guidewire, creation
of a false lumen, and stentingwithin the false lumenmight result in injury
to the adventitial layer during CTO-PCI. Therefore, it provided evidence to
us that arterial injury was the very important mechanism responsible for
CAAs after successful CTO-PCI. Otherwise, in terms of chronic arterial
response which was proved by the finding of an eosinophilic infiltrate
in the few cases of such poststent coronary artery aneurysms examined
histologically [34,35], long DES of CTO-PCI would aggravate this situation.
Overall, the formation of CAAs in this procedure was a combined event
including clinic characteristics, angiographic morphology, various
techniques, and DES selection, which was beyond doubt.
4.4. Outcomes of CAAs after successful CTO-PCI and DES implantation

Up to now, the clinical implications of CAAs have not been definitely
determined. Hereby, it is very important and necessary for assessing
anddetecting potentially harmful complications of CAAs after successful
CTO-PCI andDES implantation. In some studies, CAAs related toDES had
been suggested predispose to stent thrombosis [23,36]. However, no
statistical difference of MACEs between the CAA group and non-CAA
group was shown in the current study. Therefore, in this study, CAAs
after successful CTO-PCI and DES implantation were not frequently
associatedwith adverse clinical events under the current dual antiplatelet
regimen. Based on these data, it could be conjectured that MACEs might
originate mainly from natural progression of coronary artery diseases,
not just only from CAAs themselves. For better understanding this
complication, further large clinical trials and follow-up studies are
needed.

In conclusion, our work represents the first study to indicate the
independent predictors of CAAs after successful CTO-PCI and DES
implantation, which included age, ostial occlusion, the parallel wire
technique and DES length. Furthermore, we also demonstrated for
the first time that CAAs after the index procedure would not increase
MACEs under dual antiplatelet therapy at 5-year follow-up, compared
with thenon-CAA group. These results could improve our understanding
of therapeutic intervention in cardiovascular diseases.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.ijchv.2014.06.004.
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Table 5
Clinical outcomes at 5-year follow-up.

Patients with CAA (n = 16) Patients without CAA (n = 125) Unadjusted HR (95% CI) P value Adjusted HRa (95% CI) P value

Cardiac death 0 (0) 4 (3.2) 1.000 1.000
Myocardial infarction 0 (0) 3 (2.4) 1.000 1.000
Target vessel revascularization 3 (18.8) 22 (17.6) 0.979 (0.293–3.272) 0.973 0.804 (0.187–3.467) 0.770
MACEs 3 (18.8) 25 (20.0) 0.866 (0.261–2.868) 0.813 0.670 (0.160–2.808) 0.584

Data are presented as mean ± SD or n (%). CAA indicates coronary artery aneurysm; MACE, major adverse cardiac event, CI, confidence interval; HR, hazard ratio.
a Adjusted covariates includedmale, age, history of smoking, diabetes, priormyocardial infarction, triple-vessel disease, ostial occlusion, parallelwire technique, length of drug-eluting stent.
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Limitation

This studyhad two limitations. First, this studywas not a prospective
randomized trial frommultiple centers. The occurrence of MACE events
might be confounded with some factors such as different reasons for
repeat coronary angiogram. Second, the precise duration of the occlusion
was not angiographically documented, a limitation applicable to all
observational studies of CTOs.
Source of funding

Thisworkwas supported by the State Key Development Program for
Basic Research of China (No. 2011CB503905), National Key Technology
Support Program (No. 2011BAI11B10), Major Program of the National
Natural Science Foundation of China (No. 81230007), Youth Science
Funds of the National Natural Science Foundation of China (project
No. 81100075), and Research Fund for the Doctoral Program of Higher
Education (project No. 20100071120074).
Conflict of interest

The authors report no relationships that could be construed as a
conflict of interest.
References

[1] Srinivas VS, Brooks MM, Detre KM, King 3rd SB, Jacobs AK, Johnston J, Williams DO.
Contemporary percutaneous coronary intervention versus balloon angioplasty for
multivessel coronary artery disease: a comparison of the National Heart, Lung And
Blood Institute Dynamic Registry and the Bypass Angioplasty Revascularization
Investigation (BARI) study. Circulation 2002;106:1627–33.

[2] Christofferson RD, Lehmann KG, Martin GV, Every N, Caldwell JH, Kapadia SR. Effect of
chronic total coronary occlusion on treatment strategy. Am J Cardiol 2005;95:1088–91.

[3] StoneGW,Kandzari DE,MehranR, ColomboA, SchwartzRS, Bailey S,Moussa I, Teirstein
PS, Dangas G, Baim DS, Selmon M, Strauss BH, Tamai H, Suzuki T, Mitsudo K, Katoh O,
Cox DA, Hoye A, Mintz GS, Grube E, Cannon LA, Reifart NJ, Reisman M, Abizaid A,
Moses JW, Leon MB, Serruys PW. Percutaneous recanalization of chronically occluded
coronary arteries: a consensus document: part i. Circulation 2005;112:2364–72.

[4] Plante S, Laarman G, de Feyter PJ, Samson M, Rensing BJ, Umans V, Suryapranata H,
van den Brand M, Serruys PW. Acute complications of percutaneous transluminal
coronary angioplasty for total occlusion. Am Heart J 1991;121:417–26.

[5] Myler RK, Shaw RE, Stertzer SH, Hecht HS, Ryan C, Rosenblum J, Cumberland DC,
Murphy MC, Hansell HN, Hidalgo B. Lesion morphology and coronary angioplasty:
current experience and analysis. J Am Coll Cardiol 1992;19:1641–52.

[6] Tan K, Sulke N, Taub N, Sowton E. Clinical and lesion morphologic determinants of
coronary angioplasty success and complications: current experience. J Am Coll
Cardiol 1995;25:855–65.

[7] Morino Y, Kimura T, Hayashi Y, Muramatsu T, Ochiai M, Noguchi Y, Kato K, Shibata Y,
Hiasa Y, Doi O, Yamashita T, Morimoto T, Abe M, Hinohara T, Mitsudo K. In-hospital
outcomes of contemporary percutaneous coronary intervention in patients with
chronic total occlusion insights from the J-CTO Registry (Multicenter CTO Registry
in Japan). JACC Cardiovasc Interv 2010;3:143–51.

[8] Stone GW, Ellis SG, Cannon L, Mann JT, Greenberg JD, Spriggs D, O'Shaughnessy CD,
DeMaio S, Hall P, Popma JJ, Koglin J, Russell ME. Comparison of a polymer-based
paclitaxel-eluting stent with a bare metal stent in patients with complex coronary
artery disease: a randomized controlled trial. JAMA 2005;294:1215–23.

[9] Aoki J, Kirtane A, Leon MB, Dangas G. Coronary artery aneurysms after drug-eluting
stent implantation. JACC Cardiovasc Interv 2008;1:14–21.

[10] Swaye PS, Fisher LD, Litwin P, Vignola PA, Judkins MP, Kemp HG, Mudd JG, Gosselin
AJ. Aneurysmal coronary artery disease. Circulation 1983;67:134–8.

[11] Tan KH, Sulke N, Taub NA, Watts E, Karani S, Sowton E. Determinants of success of
coronary angioplasty in patients with a chronic total occlusion: a multiple logistic
regression model to improve selection of patients. Br Heart J 1993;70:126–31.
[12] Rentrop KP, Cohen M, Blanke H, Phillips RA. Changes in collateral channel filling
immediately after controlled coronary artery occlusion by an angioplasty balloon
in human subjects. J Am Coll Cardiol 1985;5:587–92.

[13] Thygesen K, Alpert JS, Jaffe AS, Simoons ML, Chaitman BR, White HD, Katus HA,
Apple FS, Lindahl B, Morrow DA, Chaitman BA, Clemmensen PM, Johanson P, Hod
H, Underwood R, Bax JJ, Bonow RO, Pinto F, Gibbons RJ, Fox KA, Atar D, Newby LK,
Galvani M, Hamm CW, Uretsky BF, Steg PG, Wijns W, Bassand JP, Menasche P,
Ravkilde J, Ohman EM, Antman EM, Wallentin LC, Armstrong PW, Januzzi JL,
Nieminen MS, Gheorghiade M, Filippatos G, Luepker RV, Fortmann SP, Rosamond
WD, Levy D, Wood D, Smith SC, Hu D, Lopez-Sendon JL, Robertson RM, Weaver D,
TenderaM,BoveAA, ParkhomenkoAN,VasilievaEJ,Mendis S. Thirduniversal definition
of myocardial infarction. Eur Heart J 2012;33:2551–67.

[14] Befeler B, Aranda MJ, Embi A, Mullin FL, El-Sherif N, Lazzara R. Coronary artery
aneurysms: study of the etiology, clinical course and effect on left ventricular
function and prognosis. Am J Med 1977;62:597–607.

[15] Bell MR, Garratt KN, Bresnahan JF, Edwards WD, Holmes Jr DR. Relation of deep
arterial resection and coronary artery aneurysms after directional coronary
atherectomy. J Am Coll Cardiol 1992;20:1474–81.

[16] Baumbach A, Bittl JA, Fleck E, Geschwind HJ, Sanborn TA, Tcheng JE, Karsch KR. Acute
complications of excimer laser coronary angioplasty: a detailed analysis ofmulticenter
results. Coinvestigators of the U.S. and European Percutaneous Excimer Laser
Coronary Angioplasty (PELCA) Registries. J Am Coll Cardiol 1994;23:1305–13.

[17] Slota PA, Fischman DL, Savage MP, Rake R, Goldberg S. Frequency and outcome of
development of coronary artery aneurysm after intracoronary stent placement
and angioplasty. STRESS Trial Investigators. Am J Cardiol 1997;79:1104–6.

[18] Condado JA, Waksman R, Gurdiel O, Espinosa R, Gonzalez J, Burger B, Villoria G,
Acquatella H, Crocker IR, Seung KB, Liprie SF. Long-term angiographic and clinical
outcome after percutaneous transluminal coronary angioplasty and intracoronary
radiation therapy in humans. Circulation 1997;96:727–32.

[19] Popma JJ, LeonMB, Moses JW, Holmes Jr DR, Cox N, FitzpatrickM, Douglas J, Lambert
C, Mooney M, Yakubov S, Kuntz RE. Quantitative assessment of angiographic
restenosis after sirolimus-eluting stent implantation in native coronary arteries.
Circulation 2004;110:3773–80.

[20] Stone GW, Ellis SG, Cox DA, Hermiller J, O'Shaughnessy C, Mann JT, Turco M, Caputo
R, Bergin P, Greenberg J, Popma JJ, Russell ME. A polymer-based, paclitaxel-eluting
stent in patients with coronary artery disease. N Engl J Med 2004;350:221–31.

[21] Colombo A, Drzewiecki J, Banning A, Grube E, Hauptmann K, Silber S, Dudek D, Fort
S, Schiele F, Zmudka K, Guagliumi G, Russell ME. Randomized study to assess the
effectiveness of slow- andmoderate-release polymer-based paclitaxel-eluting stents
for coronary artery lesions. Circulation 2003;108:788–94.

[22] Dawkins KD, Grube E, Guagliumi G, Banning AP, Zmudka K, Colombo A, Thuesen L,
Hauptman K, Marco J, Wijns W, Popma JJ, Koglin J, Russell ME. Clinical efficacy of
polymer-based paclitaxel-eluting stents in the treatment of complex, long coronary
artery lesions from a multicenter, randomized trial: support for the use of drug-
eluting stents in contemporary clinical practice. Circulation 2005;112:3306–13.

[23] Kim U, Seol SH, Kim DI, Kim DK, Jang JS, Yang TH, Kim DS, Min HK, Choi KJ. Clinical
outcomes and the risk factors of coronary artery aneurysms that developed after
drug-eluting stent implantation. Circ J 2011;75:861–7.

[24] Zhang F, Qian J, Dong L, Ge J. Coronary aneurysm formation following biodegradable
polymer drug-eluting stent implantation. Int J Cardiol 2012;160:e8–9.

[25] Nilsen DW, Melberg T, Larsen AI, Barvik S, Bonarjee V. Late complications following
the deployment of drug eluting stents. Int J Cardiol 2006;109:398–401.

[26] Kim HS, Park JH, Ko JK. Images in cardiology. Asymptomatic coronary artery
aneurysm associated with paclitaxel eluting stent. Heart 2006;92:480.

[27] Zhang F, Qian JY, Ge JB. Rapid development of late stent malappositon and coronary
aneurysm following implantation of a paclitaxel-eluting coronary stent. Chin Med J
(Engl) 2007;120:614–6.

[28] Song D, Kang W, Woelki H, Li M, Guo X. Biomarkers, age, and coronary artery
remodeling in patients with acute coronary syndrome. Am J Geriatr Cardiol
2008;17:71–7.

[29] Hassani SE, Mintz GS, Fong HS, Kim SW, Xue Z, Pichard AD, Satler LF, Kent KM,
Suddath WO, Waksman R, Weissman NJ. Negative remodeling and calcified plaque
in octogenarians with acute myocardial infarction: an intravascular ultrasound
analysis. J Am Coll Cardiol 2006;47:2413–9.

[30] Sakamoto H, Ishikawa T, Mutoh M, Imai K, Mochizuki S. Angiographic and clinical
outcomes after sirolimus-eluting stent implantation to de novo ostial lesion of the
right coronary artery: a retrospective study. Circ J 2008;72:880–5.

[31] Toutouzas K, Stankovic G, Takagi T, Spanos V, DiMario C, Albiero R, Corvaja N,
Gaglione A, Colombo A. Outcome of treatment of aorto-ostial lesions involving the
right coronary artery or a saphenous vein graft with a polytetrafluoroethylene-
covered stent. Am J Cardiol 2002;90:63–6.

[32] Fischell TA, Saltiel FS, Foster MT, Wong SC, Dishman DA, Moses J. Initial clinical
experience using an ostial stent positioning system (Ostial Pro) for the accurate

http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0005
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0005
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0005
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0005
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0005
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0010
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0010
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0015
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0015
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0015
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0015
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0015
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0020
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0020
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0020
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0025
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0025
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0025
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0030
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0030
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0030
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0180
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0180
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0180
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0180
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0180
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0035
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0035
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0035
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0035
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0040
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0040
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0045
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0045
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0050
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0050
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0050
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0055
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0055
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0055
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0060
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0060
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0060
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0060
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0060
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0060
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0060
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0060
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0060
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0065
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0065
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0065
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0070
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0070
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0070
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0075
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0075
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0075
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0075
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0080
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0080
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0080
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0085
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0085
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0085
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0085
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0090
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0090
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0090
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0090
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0095
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0095
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0095
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0100
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0100
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0100
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0100
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0105
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0105
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0105
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0105
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0105
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0110
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0110
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0110
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0115
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0115
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0120
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0120
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0125
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0125
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0130
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0130
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0130
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0135
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0135
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0135
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0140
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0140
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0140
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0140
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0145
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0145
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0145
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0150
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0150
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0150
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0150
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0155
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0155


115X. Zhong et al. / IJC Heart & Vessels 4 (2014) 108–115
placement of stents in the treatment of coronary aorto-ostial lesions. J Invasive
Cardiol 2009;21:53–9.

[33] Wong P. Two years experience of a simple technique of precise ostial coronary
stenting. Catheter Cardiovasc Interv 2008;72:331–4.

[34] Virmani R, Guagliumi G, Farb A, Musumeci G, Grieco N, Motta T, Mihalcsik L,
Tespili M, Valsecchi O, Kolodgie FD. Localized hypersensitivity and late coronary
thrombosis secondary to a sirolimus-eluting stent: should we be cautious?
Circulation 2004;109:701–5.
[35] Bavry AA, Chiu JH, Jefferson BK, Karha J, Bhatt DL, Ellis SG,Whitlow PL. Development
of coronary aneurysm after drug-eluting stent implantation. Ann Intern Med
2007;146:230–2.

[36] Alfonso F, Perez-Vizcayno MJ, Ruiz M, Suarez A, Cazares M, Hernandez R, Escaned J,
Banuelos C, Jimenez-Quevedo P, Macaya C. Coronary aneurysms after drug-eluting
stent implantation: clinical, angiographic, and intravascular ultrasound findings. J
Am Coll Cardiol 2009;53:2053–60.

http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0155
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0155
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0160
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0160
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0165
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0165
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0165
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0165
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0170
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0170
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0170
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0175
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0175
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0175
http://refhub.elsevier.com/S2214-7632(14)00043-1/rf0175

	Clinical outcomes and risk factors of coronary artery aneurysms after successful percutaneous coronary intervention and dru...
	1. Introduction
	2. Methods
	2.1. Study population
	2.2. Procedures and medications
	2.3. Angiographic definitions
	2.4. Study endpoints
	2.5. Statistical analysis

	3. Results
	3.1. Baseline characteristics
	3.2. Angiographic and procedural characteristics
	3.3. Procedural characteristics
	3.4. Multiple logistic regression analysis
	3.5. Outcomes

	4. Discussion
	4.1. Duration of CAA detection after PCI
	4.2. Predictors of CAAs after successful CTO-PCI and DES implantation
	4.3. Mechanism of CAAs after successful CTO-PCI and DES implantation
	4.4. Outcomes of CAAs after successful CTO-PCI and DES implantation

	Limitation
	Source of funding
	Conflict of interest
	References


